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Pathogens/pests are identified at species/subspecies levels

q Commonly used DNA markers have LOW GENETIC 
VARIATIONS between pathogens and close relatives

q Taxonomy annotation in large PUBLIC databases are 
unreliable predictions (Edgar 2018 10.7717/peerj.5030)

q Prediction accuracy by OFF-THE-SHELF tools at the 
genus level is 1.7 – 50.3% for 16S rRNA gene V4, 47.3 –
86.7% for fungal ITS sequences (Edgar 2017&2018, 
10.7717/peerj.3889; 10.7717/peerj.4652)

q 40% records in Index Fungorum DB WITHOUT ANY LOCI 
in GenBank (Hibbett, 2016. Mycologia 10.3852/16-130)

Raw reads

Denoise + quality trimming

Clustering (ASV, OTU)

Assign taxonomy

RefDB
Classifier

Animalia, 6047, 
88%

Plantae, 218, 3%

Fungi, 582, 9%

Chromista, 18, 
0%

Viruses, 27, 0%

Bacteria, 26, 0%

Protozoa, 1, 0%

Other, 54, 0%

CFIA regulates > 290 pests USDA regulates 6919 pests

Plant, 25, 9%

Fungus, 45, 16%

Bacteria, 13, 4%

Phytoplasma, 13, …

Nematode, 9, 3%Virus, 69, 24%

Mite, 3, 1%

Insect, 96, 33%

Mollusc, 9, 3%
Unknown, 8, 3%



Reference DB (fasta file)

Query sequences (fasta file)

Target Source prct_identity cov.  T-len min-cluster max-cluster
Query3  - 0.0%  25      25      0       0
Query2  TAX2   100.0%  25      25      1       3
Query1  TAX1   100.0%  25      25      1       3

Signatures

Automated Oligonucleotides Design Pipeline (AODP)
https://bitbucket.org/wenchen_aafc/aodp_v2.0_release

q Command-line
q Open source
q Workshops (CPS)

q Design signatures (primers and probes)
q Strain-typing: novel Cluster Signature 

matching algorithm

https://bitbucket.org/wenchen_aafc/aodp_v2.0_release




T. w
alkeri

T. indica

AODP distinguished Karnal 
bunt from ryegrass bunt

ITS2 

Dr. S. Hambleton
Biosystematics and 
RefDB development 
Ø Pucciniales (rust 

fungi)
Ø Tilletiaceae (smut)

q Botrytis (Carisse, AAFC) 

q Sclerotinia (Chatterton, AAFC) 

Ø 27 phytopathogenic spp.
Ø Broad host range (> 1000)
Ø Difficult to control
Ø Fungicide-resistance grape strawberry

carrots
gov.mb.ca

sunflowercanola
canolawatch.org

lettuce
naturepl.com

Ø Broad host range (hundreds)
Ø Genetic diversity?
Ø Fungicide-resistance in 

Canada?

q Oomycetes (USDA-AAFC, Drs. H. Nugyen, F. Martin, NJ Grünwald) 



VirTool
Ø A user friendly web-based application for plant virus 

diagnostics (www.virtool.ca; github.com/virtool/)

Ø VirTool - AODP integration for a broader spectrum 
detection of phytopathogens (2019, CFIA-funded) Dr. Michael Rott

CFIA Sydney Lab

Ø Tree fruit, grapevines 
and small fruit

Ø Border inspections

Sample Manager

Trimming 
assembly

Virus DB
1500 species

HMM DB
4700 profiles

Pathoscope NuVs

Host 
DB

Known viruses Novel viruses

Raw HTS reads FastQC
Skewer 
Bowtie2 
SPADes

Pathoscope
HMMER 

MongoDB

Ø dsRNA
Ø siRNA
Ø Ribo-RNA
Ø totRNA

http://www.virtool.ca/


Summary

Accurate and rapid 
detection of known 

and emerging 
pathogens

Identification of 
Antagonists / 
synergists and 
environmental 

drivers

Modeling 
dissemination of 

inoculum and 
disease 

epidemiology

Integrated Pest 
Management (IPM)



Phytomicrobiome and the disease triangle

The disease triangle

Phytomicrobiome
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-
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-

-
-

-
-

-
-

-

g__g__Streptomyces 
g__

g__ g__g__g__ g__g__Pseudonocardia g__Paucibacter 
g__Cordyceps 

g__Kurtzmanomyces 

NA

NA NA

NA

NA

NA

NA

g__ g__Plesiocystis 
g__ g__Planomicrobium 

g__

g__
g__

g__g__Gemmatag__ g__

g__
g__

g__

g__

NA
NA

g__Chaetomium 
NA

g__
g__
g__

g__Rubellimicrobium 

g__Arthrobacter 

g__

g__

g__

g__g__
g__

g__Devosia

g__g__

g__Methylobacterium 
g__

g__Mycoplana 
g__Pontibacter 

g__Sphingobium 
g__Bacillus

g__g__g__g__ g__
g__Agrobacterium 

g__Cellulomonas g__ g__Fusarium
g__Fusariumg__Kaistobacter 

g__Solibacillus 

g__g__Citricoccus 
g__

g__Myxococcus 

g__Pyrenochaetopsis 
g__Schizothecium 

g__Bionectriaceae 
g__Acremonium 

NA

NA

g__Penicillium 

NA

g__Penicillium 

g__Exophiala
g__Acremonium 

NA

NA

g__Microdochium 

g__Trichoderma 

g__Fusarium

g__
g__Streptomyces 

g__Flavisolibacter 

g__

g__Arthrobacter 
g__Flavisolibacter 

g__
g__

g__
g__

g__
g__Kaistobacter 

g__
g__Bacillus

Fusarium OTUs

-

-

-

-

-

- -

-

-

-

-

-

-

-

-

-

-

-

-

-

--

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

o__iii1-15

o__iii1-15

o__JG30-KF-CM45

g__Streptomyces

f__Bacillaceae

f__Pirellulaceae

g__Verrucosispora

g__Pilimelia
o__Bacillale

s__Verticillium_dahliae

Virticillium Dahliae

qAssociations between 
bacterial OTUs & fungal 
plant pathogens in 
bentonite amended 
sandy corn fields

HY Zhang
Zhang et al (2019) Amending sandy soils with bentonite induced changes in soil microbiota and 
fungistasis in continuous cornfields, ASE (minor revision submitted)



Research foci: Microbiome of Agroecosystems
Soils

Stubble No-tillage

Subsoiling Straw mulching

Canada (ON)
Northern China
Western France

Bioindicators for
• Soil health
• Agronomy practices
• Climate change
• Plant disease 

development
• Soil suppressiveness

Water, sediment

Eastern Canada
ON, QC, 

Agricultural watersheds 
• Ecosystem function
• Agro-ecosys. resilience
• Environmental impacts
• Water quality and one 

health

Air/rain, endophytes, 
commodity, food value chain

Across Canada
Northeast/Southern China

Phytopathogens
• Detection of (un)known
• Monitoring and modeling
• Land use changes
• Biocontrol agents
• Decision-making
• Regulatory measures

Microbial Ecology
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